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THE GERMAN TELECOMMAND GROUND STATION FOR
HELIOS-A NEW CONCEPT

H. Öttl and H. Holl
Institut für Flugfunk und Mikrowellen

DFVLR, Germany

Summary    The new German Telecommand Station for the HELIOS project differs
from previous DSN stations in several respects (new concept).

Automation has been developed to such an extent that all normal manual operations
(subsystem adjustments, station operating etc.) will be performed by computer. Manual
back-up mode is also provided.

For interference reasons (with existing microwave links) the antenna has to be designed
for optimum side-lobe suppression rather than optimum gain.

Another new aspect is the continuous use of the spacecraft receiver (engineering model)
for simulated command reception and checking.

1.   Introduction    The German Telecommand Station (GTS) is part of the German
contribution to the HELIOS project. It is required by the project, since presently no deep
space telecommunications capability exists in Germany [1]. In addition, the American
Deep Space Network (DSN) is committed only for the primary mission of HELIOS [2,3].
The German Effelsberg Station (GES) which will be used as the receiving site, cannot be
expanded into a telecommand facility, because of the danger of interference with
microwave links of the Deutsche Gundespost (German post office).

2.   Tasks and Design Considerations of GTS.

2.1   Transmission-of-Commands-to-the-HELIOS Spacecraft (s/c).

The HELIOS s/c is run primarily by the DSN [4]. The s/c itself is built to comply to the
DSIF (Deep Space Instrumentation Facility) characteristics [5], consequently any station
that wants to join in the game has to be compatible with the DSN-stations at least as far
as the DSN features used for HELIOS are concerned.



This applies to GTS as well as GES for up- and down-link respectively. Thus the
following list of parameters forms the basis of the GTS-design.

Carrier frequency range HELIOS doppler range
2110 - 2120 MHz

Frequency of subcarrier 448 / 512 Hz
Effective radiated power # + 125 dBm
Modulation of carrier PM

of subcarrier PSK
of commands PCM
    bitrate 8 bps

It has to be ensured that the precautions taken in the command chain (from Mission
Control  to the s/c decoder) against transmission of invalid commands are backed up by
further precautions in the GTS itself.

In the CMD chain GTS is the last link on the ground. In order to meet the rather tough
project requirements for command error rates, a number of measures have to be
envisaged regarding station operating, message verification and telecom capabilities.

Command - Error Rates:
Bit error rate 10-5

Detected CMD word error 10-3

Undetected CMD word error 10-10

2.2   Automatic Operation

In order to minimize errors the principal error source has to be eliminated as much as
possible in station operating.

For greater reliability, human activities, e.g.:
• station control
• station monitoring
• command handling
• message exchange with Mission Control

have to be delegated to a station processor.

Of course, it is absolutely impossible to eliminate man completely from a facility such as
GTS, but personnel is hard to come by these days
in Germany and it is costly.



So apart from enhancing the overall reliability of the command system in the HELIOS
project, a station computer can also help to reduce the costs in the long run.

The main aspect of the new concept is to extend the degree of automation compared with
the stations of the DSN.

2.3   Mission Independence

The source of funding for GTS is the project HELIOS, but it would be unreasonable to
build the station for this project only, especially if the price to be paid for mission
independence is negligible against the overall station costs.

So the station is designed to be DSN compatible [6], this means:

• Extending the frequency range for the carrier to the full 10 MHz.
Exciter,
Reference Receiver,
High Power Amplifier and
Antenna are easily broadband enough to cover the 2110 to 2120 MHz range.
Two uplink carriers in the band plus doppler shift (500 KHz for HELIOS) are
required anyway.

• Expanding the command subcarrier range to values set by DSN standards.
Measure to be taken: Programmable frequency synthesizer instead of two separate
oscillators for HELIOS subcarriers.

• Extending the command capability from an exclusive 8 bps to a range of 1 to 20
bps by using a programmable digital oscillator instead of a fixed frequency source.

At the present time, it is not possible to use GTS for downlink operation. The GES
equipment will, however, be taken to GTS after the HELIOS mission to be
integrated into the station.

The design of GTS has to take these parameters into account [1] and allow for
easy and inexpensive expansion into a fully fledged deep space station.

2.4   Compliance with Specific Restrictions

The restrictions mentioned in the following paragraphs call for a series of differences in
the design of the station compared with DSN stations. These differences are a feature of
the new concept.



2.4-1   Interference with Microwave Links

For hitherto inexplicable reasons the German Bundespost is operating microwave links
in the 2110 - 2120 MHz band. This led to high-power S-band signals being completely
forbidden in Effelsberg and stringent restrictions at the GTS-Weilheim site in southern
Germany.

The side-lobes of the antenna pattern had to be lowered as much as possible which leads
to a particular power distribution over the antenna aperture [7].

2.4.2   Ambient Conditions

Bavaria’s climatic conditions (snow) have to be taken into account as well as the close
proximity of our VHF facility for orbiting satellites (fig. 1). It has been found that
computer pulses contain spectral energy as high up as 136 MHz at levels strong enough
to interfere with satellite signals at the VHF receivers. For This reason shielding of the
station processor room (40 dB) proved to be necessary.

3.   Technical Concept [9].

3.1   Overall Description

GTS is beinq built on the site of the German Central Ground Station (Z/DBS) in
Lichtenau, Southern Germany. It comprises as its essential parts:

• A station building (fig. 2), to house:
• equipment for signal generation and hardware monitoring.
• the station processor system, for station control, communication and software

monitoring.
• a compatibility test room for s/c.

Both the VHF facilities and the HELIOS station will make use of this
compatibility test room.

• An antenna plus pedestal which contains the drive and control system and the high
power amplifier.

A block diagram of the station is shown in fig. 3.



3.2   Detailed Description of Individual Subsystems

3.2.1  Station Processor [10]:

The station processor communicates with the Control Centre via a High Speed Data Line
(48oo bps). It prepares CMD messages for further handling in the system, distributes
control information to tile various subsystems, and provides the antenna control system
with tracking data.

In addition it monitors all essential parameters of the subsystem, generates alarms to the
operator, prepares records on station status and serves in a background operation mode
for the testing of programs.

The processor system (fig. 4) consists in its basic configuration of 2 central processing
units (CPU) and sizeable standard and process peripheries. Core memory size is 2 x 32 k
(16 bit).

Both CPU’s are planned to operate independently of one another so as not to disturb
each other’s functions. They are, however, to be used interchangeable for different tasks.
One computer will be responsible for on-line repetitive operations, such as, antenna
drive, monitoring and station records. The other one is then available for special events,
e.g. interrupts and command handling.

3.2.2   Patch-Panel

A patch panel interface in the operation room serves as an extension of the processor
input/output circuits for the subsystems. It allows pin point access to any data line and
defines the scope of the various subsystems in the station. A special problem is presented
by the fact that hundreds of data cables have to link the patch panel to the computer
process interface, which is located in the shielded computer  room.

3.2.3   Command Modulator Unit (KME) [11]

The KME generates the command subcarrier according to processor information. The
phase of the command subcarrier is keyed ± 90E corresponding to the command bits. The
command bits are stepped out of a shift register at a rate of 8 bps in the case of HELIOS;
the bit rate capability is 1 to 20 bps.

After phase-shift keying of the subcarrier the level of the modulation signal is set to the
desired value and fed into the exciter subsystem.



The KME contains an automatic abort which is initiated in the case of bit errors and
software alarms. The bit errors are detected by comparison of the transmitted bit with the
demodulated bit that is provided by the exciter. Software alarm is generated by a watch-
dog timer which has to be reset by the computer within 40 ms, non reset means alarm. 

Specifications:

Frequency range of subcarrier 100 Hz...... 100 KHz

adjustable in steps of 0.01 Hz

Frequency stability when synchronised
with the station clock 10-9 / min

Phase jitter # 0.01 rad rms

Output level can be adjusted in steps of  1  of maximum
256

3.2.4   Exciter Subsystem (SSE) [12]

In the exciter subsystem a digitally controlled synthesizer generates the carrier frequency
at approximately 43 MHz. The carrier is phase modulated by the command subcarrier
and multiplied into the S-band region. After modulation a verification signal is fed out
for demodulation and fed back into the KME for bit-by-bit comparison. A number of test
outputs provide signals for compatibility testing, future doppler equipment and power
and modulation index measurement.

Specifications:

Frequency range 43.963...... 44.162 MHz

Multiplication factor 48

Frequency resolution 0.02 Hz

Sweep range adjustable to any boundaries within the frequency range
Sweep rate 0.002 Hz/s .... 200 Hz/s
Modulation PM



 3.2.5  Reference Receiver

The reference receiver serves to test the exciter phase jitter stability and for modulation
index measurements. For experimental purposes it may be used for antenna pattern
measurements.

Specifications:

Frequency range 2110 . . . . . . . 2120 MHz

Sensitivity -   30 . . . . . . 100 dBm

For modulation index measurements it indicates the carrier suppression within a
frequency band of 10 Hz and with a resolution of 0.1 dB.

3.2.6   High Power Amplifier (SES)[13]

The SES is located in the antenna mount. It rotates in azimuth with the pedestal but does
not tilt. There is therefore no need for a high power azimuth rotary joint. In elevation the
rotary joint is part of the antenna feed. The SES amplifies the SSE S-band signal to a
maximum of 20 kW and sends the output power via waveguide to the antenna feed at the
elevation bearing of the main dish.

Specifications:

Frequency range 2110 . . . . . . 2120 MHz

Frequency resolution # 1 Hz

Frequency stability # 10-11/h

Phase jitter # 8E rms

Sweep range adjustable to any boundaries within the frequency band

Sweep rate 0.1 Hz/s . . . . . .10 KHz/s

3.2.7   Antenna-and-Pedestal [14]

The antenna is a Cassegrain system on a “wheel and track” pedestal (Az/El, see fig. 5),
which is controlled by an SCR drive system. The tracking data for antenna control are
delivered by the station processor in a time synchronized mode to the drive system. The



antenna feed system is a near field horn. The subreflector is corrected to produce
amplitude taper over the main dish aperture, where the main dish deviates from a
paraboloid to obtain a plane wavefront. To minimize scatterwires will be used for the
horizontal subreflector supports.

Specifications:

Antenna size 30 m diameter, f /D. 0.25
Side lobe suppression > 10E off boresight, below isotropic level

Gain $ 52 dB

Polarisation circular left and right,l inear
in any plane

Pointing error # 0.002E

Tracking error at a constant angular
rate and for wind speed up to 50 km/h # 0.008E rms

Max. (min.) azimuth angular velocity 1.5E/s (0.0015E/s)

Max. (min.) elevation angular velocity 1E/s (0.001E/S)

3.3   Interfaces

3.3.1 German Satellite Operations Centre (GSOC) - GTS

GTS is linked to the GSOC via a High Speed Data Line (HSDL) operating at a data rate
of 4800 bps. The HS data are formatted in NASCOM blocks of 1200 bits, containing the
sync word, header, block-content and the error polynomial.

Incoming blocks are synchronized by a hardware unit and fed block by block directly
into the core memory. Outgoing blocks are assembled by the station processor and
transmitted as a serial bit stream. All information necessary to run the station [6] is
supplied by GSOC, that is

command data,
tracking data,
station configuration,
simulation data.

Outgoing data consist essentially of verification and monitor messages.



3.3.2 Station Processor Subsystem

The subsystems are all built to operate as independent units, but in normal operating
mode are controlled fully by the computer.

The computer turns on power, sets parameters, checks then for correct transmission
and/or execution. Data from the station processor to the subsystem are static parallel
signals that are fed into the subsystem input registers at the command of a write pulse
furnished by the computer.

Incoming data are static parallel signals to the computer input circuits which are
available for the computer to copy whenever it thinks fit.

Data transfer is enabled by the command bit pulse generated by the command modulator
in order for the system to be supervised at sufficiently short intervals without
overexerting the processor’s capabilities. The physical representation of the processor
interface in the operations room is the patch panel.

Subsystems located in the antenna construction itself (antenna drive and control and high
power amplifier) are accessible through individual interface racks. They collect and
disperse data for their subsystems to the various data sources or receivers (computer via
the patch panel, magnetic tape, station console).

3.3.3   Signal Path

The command subcarrier coming from the KME by coax cable modulates the carrier in
the SSE. The carrier is sent to the SES through a flexible elliptical waveguide in an
underground tunnel between station building and antenna foundation and through a
rotary joint at the azimuth axis to the Klystron input. After amplification it is fed to the
operations cabin at the elevation bearing via a rectangular waveguide. The polarisation
of the signal can be selected by setting a polarizer system before the antenna feed. The
feed itself is a near field horn paraboloid. The rotary joint in the elevation axis is part of
the horn feed.

4.   Operating Procedures - Data Transfer

4.1   Verification Loops

In order for the HELIOS command system to perform as required, a number of
verification loops are incorporated in the station, very much the same as in the American
DSN stations.



Each HSD block contains a string of 33 bits which represent the remainder bit pattern of
the error encoding algorithm (NASCOM standard). At the station the algorithm is again
executed by software. In case of non-coincidence of the two remainders one or more
errors must have occurred during transmission: The block is deleted and an error
message sent back requesting repetition of the block.

The error polynomial is an error detecting not an error correcting measure. The message
itself is not altered.

Command blocks are returned to GSOC for bit-by-bit verification of correct reception at
the station, in addition to the generation of the error polynomial.

4.1.2  Data-Transfer, Processor - KME - SSE

HSD information is verified block-by-block, consequently command words fed to the
KNE are verified word-by-word.

The serial bit stream that leaves the KME in the form of PSK modulation of the
subcarrier undergoes a bit-by-bit check in the following manner. The modulated
subcarrier is phase modulated on to the carrier in the SSE which in turn is demodulated
to regain the subcarrier. This signal returns to the WE for bit demodulation and bit
check.

Should a bit error occur at this stage, the abort of the currently transmitted command is
initiated automatically without bothering the computer for help. The abort configuration
is stored in the WE as a parameter and is set by the processor together with all the other
vital values.

An abort may be performed in three other cases, 

• subcarrier level drop,
• software alarm (watch dog timer),
• abort control by processor.

The possible abort configurations are

• dummy command (programmable according to mission requirements),
• bit clock off,
• subcarrier off,
• output off.



4.1.3  Verification with s/c Receiver

An unusual aspect of the station is the integration of the s/c receiver (engineering model)
for verification purposes. It allows simulation of link parameters such as, free-space
attenuation and additional noise.

4.1.4   Verification of Subsystem Parameters

All subsystem parameters set by the processor are fed back to the processor for
verification, riot only immediately after loading but also as each bit is given out. This
may seem over precautions but it affords an extra margin of operational safety.

4.1.5   Circuit Monitoring by Computer

A number of physical quantities set by the processor are measured by counters, meters
etc. and compared against the tolerance values in the processor.

4.1.6   Circuit Monitoring by Hardware

Characteristic parameters such as supply voltages are checked against tolerances by
hardware. Limit violations are signalled to the front panel and to the processor. An
integrated alarm is displayed at the operator’s console.

4.1.7   Software Monitoring

Monitor signals to the processor are processed to produce messages  to the operator
console and station records on disc, tape and line printer. The operator may call up a
monitor display program to get all monitor information displayed on the CRT at his desk.
If necessary he can obtain a print out of the CRT contents from a hard copy device.

4.2   Back-up Operation

4.2.1 HSDL Failure

If the HSD link is out of order the first counter-measure is to exchange lines. If this is of
no avail the operator uses the TTY circuit or phone to exchange messages with GSOC.
He can in this case operate the computer from the CRT I/O device on his desk.

4.2.2   Processor Failure - Manual Operation

If the computer is out of action, all subsystems can be operated by hand. There is no
redundant automatic control system. For this purpose the operator has to deliberately



turn off computer control and is then in full command of all the manual control functions
provided at the front panels of the subsystems. The distant systems (antenna drive, high
power amplifier) are remotely controllable from the console. In the manual mode
parameters are set by toggle switches, or thumb wheels. Command words to be fed into
the command modulator will be on paper tape.

Antenna control receives its information from magnetic tape. As intermediate operation
it is possible to operate certain subsystems manually and leave others under computer
control (i.e. if only one processor fails).

5.   Milestone Plans    The prime milestone in the whole project is the launch of
HELIOS A on July 1st 1974.

To meet this date the station has to be available for system tests on Sept. 1st 1973,
station processor, adequate software, HSD-communication circuits and KME (as process
simulation) at least have to be available by that day. SSE and reference receiver will be
delivered by December 1973, for compatibility tests with the HELIOS prototype s/c. SES
and antenna will not be completed before February 1974, which is early enough,
however, for launch.

6.   Conclusion    It has been seen that the new German DSN station, now under
construction, differs in several respects from American stations. Greater automation has
been provided. The antenna had to be designed for maximum side-lobe suppression. The
engineering model of the s/c receiver will be used for command verification.

A negative feature is lack of redundancy due to limited resources. The station will be
completed by March 1974.
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 Fig. 1  Layout of site

Fig. 2  Layout of instrumentation rooms

Fig. 3  Block diagram of GTS



Fig. 4   Processor system for GTS Fig. 5   Antenna and pedestal




